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ABSTRACT 
 
Phycoremediation using microalgae has high potential for reducing nutrient load in public market wastewater 
(PMWW). However, the reduction efficiency depends on the initial concentrations of microalgae and PMWW. 
In the present study, the reduction of total nitrogen (TN), total phosphorus (TP), and total organic carbon (TOC) 
in PMWW using Scenedesmus sp., was investigated as a function of different PMWW concentrations. 
Scenedesmus sp. was inoculated with 10
6
 cell/mL into 500 ml of PMWW and incubated outdoors under full 
sunlight for 19 days. The results revealed that higher microalgae growth was recorded in PMWW than in Bold’s 
basal medium (BBM). The maximum reduction values of nutrients were 91.51% for TN, 92.67% for TP, and 
90.2% for TOC were achieved by 50% of PMWW. The findings indicated that phycoremediation with 
Scenedesmus sp. can successfully reduce the nutrient load of PMWW.  
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1. INTRODUCTION 
 
Wastewater is a general term that refers to 
various types of liquid wastes generated through 
activities that utilize massive volumes of water [1]. 
The source of wastewater determines the final 
characteristics of wastewater [2]. For instance, 
public market wastewater (PMWW) contains high 
levels of organic matter (> 600 mg/L of biochemical 
oxygen demand [BOD]) and solids derived from 
fish, meat, poultry, vegetable, and fruit residues; 
PMWW is thus classified as highly polluted 
wastewater [3]. Fresh foodstuff, poultry waste 
scraps, and fish entrails contain high concentrations 
of total nitrogen (TN), total organic carbon (TOC), 
and total phosphorus (TP) which contribute 
effectively to the contamination of PMWW [4]. TP 
and TN concentrations in PMWW reached up to 25 
mg/L and 61 mg/L, respectively, as a result of 
contamination with blood residues from meat, fish, 
and poultry processing [5]. Therefore, the direct 
discharge of PMWW into natural water bodies 
contributes in the water pollution and promotes 
eutrophication [5]. Hence, PMWW must be treated 
for the removal of organic matter, nutrients, 
pathogens, and heavy metals prior to its final 
discharge into the environment. 
Among several wastewater treatment 
technologies, phycoremediation is one of the most 
efficient techniques for PMWW because the high 
nutrient load of PMWW supports microalga growth 
rates and thus improve nutrient uptake [6,7]. 
 Besides, the microalgae biomass generated 
during the phycoremediation process has several 
applications as biofuel, biodiesel, fish feed, 
fertilizer, pharmaceuticals, and cosmetic ingredients 
[8]. Furthermore, phycoremediation with mass-
cultured microalgae is cheaper than conventional 
aerobic wastewater treatment systems because of its 
low energy input, initial capital cost, and operational 
cost [9]. Wastewater from the dairy industry and 
municipal waste, and industrial wastewater have 
been previously used as a microalgae production 
medium [7,10,11]. In this research, the growth of 
Scenedesmus sp. and nutrient reduction in different 
concentrations of PMWW were investigated. 
 
2. MATERIALS AND METHODS 
2.1 PMWW Collection 
 PMWW was collected at Pasar Awam Rengit, 
Jalan Kampung Rengit Laut, Rengit, 83100 Rengit, 
Johor, Malaysia (1.67757, 103.14563). The pH, 
BOD, chemical oxygen demand (COD), total 
soluble solids (TSS) TN, TP, and TOC of the 
PMWW samples were determined according to 
APHA (2005). 
 
2.2 Scenedesmus sp. culturing 
 
Scenedesmus sp. was refreshed by sub-culturing 
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in autoclaved Bold’s Basal Medium (BMM), 
(Bischoff and Bold, 2003). The culture medium was 
incubated at room temperature for 8 days prior for 
use in phycoremediation. 
 
2.3 Experimental Setup 
 
 The experiment was set up in a 1 L Erlenmeyer 
flask containing 500 mL of PMWW. BBM was used 
as the control medium. PMWW samples were 
filtered and diluted with distilled water to produce 
five different concentrations (10%, 25%, 50%, 75%, 
and 100%). Scenedesmus sp. was inoculated with 
10
6
 cell/mL. The phycoremediation process was 
conducted outdoors under full sunlight for 19 days. 
Each flask was shaken twice a day to prevent 
sedimentation.  
 
2.4 Scenedesmus sp. Growth 
 
The growth of Scenedesmus sp. was estimated by the 
harvesting of cell biomass from the culture medium 
using centrifugation at 4000 rpm for 5 minutes. The 
supernatant was discarded while the algal pellets 
were suspended in 45 mL of autoclaved and filter-
sterilized Gillard's F\2 solution. A fixed volume of 
10 mL aliquots was taken from the suspended 
solution and transferred to cuvettes. The optical 
density of the Scenedesmus sp. growth was 
estimated at 650 nm (OD650) in a DR 6000 
spectrophotometer (Janway, USA). Gillard's F\2 
solution was used as the blank [15,16].  
 
2.5 Nutrient Removal 
 
The reduction of TP, TN, and TOC was 
determined according to Equation 1 [12,13,14]. 
 
              
  
     
  
 
                         
 
3. RESULTS AND DISCUSSION 
 
3.1 PMWW Characteristics 
 
Seven parameters were tested to characterize 
PMWW samples. These parameters were selected 
according to the Environmental Quality Act (1974), 
Regulation 2009). The characterization data of  
PMWW are shown in Table 1.  
 
Table 1: Characteristics of public market wastewater 
(PMWW) in comparison with effluent standards and 
previously reported values. 
 
Parameter 
PMWW 
conc. 
Effluent standard (Environmental 
Quality Act, 1974) 
Standard A Standard B 
pH 7.5 6.0–9.0 5.5–9.0 
BOD 1208 20 50 
COD 3432 50 100 
TN 968 - - 
TP 178 5 10 
TOC 1798 - - 
Note: (−) Not detectable. All parameters, 
except for pH, are expressed in mg/L.  
 
It can be noted that raw PMWW with 10%, 25%, 
50%, 75% and 100% dilutions have high BOD and 
COD levels of 222–1208 and 443–3432 mg/L, 
respectively, while TN and TP were 968 and 178 
mg/L, respectively. These values are higher than 
BOD levels of 85.39–92.62 and 71–122 mg/L 
reported by previous studies [17,18]. The high 
concentrations of COD and BOD might be related to 
the presence of organic materials in PMWW which 
differ seasonally and geographically [19].  
 
3.2 Growth of Scenedesmus sp.  
 
The growth of Scenedesmus sp. in different 
concentrations (10%, 25%, 50%, 75% and 100%) of 
PMWW is depicted in Fig. 1.  
 
 ig.  1: Growth of Scenedesmus sp. in PMWW 
during phycoremediation 
 
The highest growth rate was recorded in 50% 
PMWW on day 14 of phycoremediation. OD650 
increased from 0.112 to 0.2923 from day 1 day to 
day 14 and decreased to 0.228 on the 19
th
 day of 
phycoremediation. The results of the present 
research corresponded with those reported by Chen 
et al. [3], who indicated that optimum Chlorella 
growth was observed in 50% piggery wastewater. 
Meanwhile, the microalga growth in 25% and 
75% PMWW reached the maximum values of 0.266 
and 0.271 on day 11 and day 14 of 
phytoremediation, respectively, and decreased 
thereafter. In contrast, microalga growth rates in 
10% and 100% PMWW were 0.182 and 0.169, 
respectively, and decreased after day 11 and day 6 of 
phycoremediation, respectively. This behavior may 
be attributed to the low nutrient content of 10% 
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PMWW or to the excessive nutrient content of 100% 
PMWW, as shown in Table 1. These results indicate 
that the PMWW had high nutrient loads and should 
be subjected to the dilution process before the 
phycoremediation process. Furthermore, microalga 
growth rates in BMM, the control medium, were 
0.112 and 0.228 on day 0 and day 19 of cultivation. 
The maximum value of microalga growth in BBM 
was 0.234 which was observed on day 13 of 
cultivation. Therefore, microalga can be successfully 
cultured in different concentrations of PMWW.  
 
3.3 Nutrient Removal Efficiency of Scenedesmus sp.  
 
In this study, the removal rates of TN, TOC, and 
TP were used as indices of nutrient removal by 
Scenedesmus sp.. Table 2 shows that in 50% 
PMWW, TN levels decreased by 91.51% after 
phycoremediation with Scenedesmus sp. 
Accordingly, TN levels dropped from 613 mg/L to 
52 mg/L in 50% PMWW. By contrast, TN levels in 
the control decreased by 14.68% from 613 mg/L to 
523.01 mg/L in the control samples. TN removal 
rates in 10%, 25%, and 75% PMWW were 85.3%, 
88.6% and 70.7% respectively. The lowest TN 
removal rate was 57.49% which was observed in 
100% PMWW. This result may be attributed to the 
negative growth rate of the alga. However, TP 
removal rates in 50% PMWW was 92.67%. 
Specifically, TP levels decreased from 111.84 mg/L 
to 8.19 mg/L after phycoremediation. TP removal 
rates in the control, 10%, 25%, 75%, and 100% 
PMWW were approximately 22.01%, 75.6%, 
91.16%, 79.34%, and 62.92% respectively. In 50% 
PMWW, TOC decreased from 1022.03 mg/L to 
100.08 mg/L. This decrement is equivalent to a 
reduction of 90.2% (11.14 ± 0.96% in the control). 
Meanwhile, TOC removal rates in 10%, 25%, and 
75% PMWW were 80.97%, 86.51%, and 77.91% 
respectively. The lowest TOC removal rate was 
observed in 100% PMWW, in which TOC levels 
decreased from 1798.22 mg/L to 897.23 mg/L 
(50.10%). These phenomena may be attributed to the 
different nutrient loads associated with different 
PMWW concentrations.   
Overall, phycoremediation using Scenedesmus 
sp. successfully removed TN, TP, and TOC from 
PMWW. In a previous study, Jais et al. [17] found 
that Scenedesmus sp. was able to remove TN, TP, 
and TOC from PMWW at the rates of 73.01%, 
76.77%, and 71.73%, respectively 
 
Table 2: Nutrient removal efficiency as a function of 
PMWW concentration 
 
PMWW 
Concentration 
Int. conc. 
(mg/L) 
F. conc. 
(mg/L) 
Removal 
percentage 
(%) 
Control 
(%) 
TN 
10 % 223 32.76 85.30 14.14 
25 % 396 45.13 88.60 19.69 
50 % 613 52 91.51 14.68 
75 % 758 222.07 70.703 15.39 
100 % 968 411.43 57.49 12.39 
TP 
10 % 33.08 8.07 75.60 21.58 
25 % 58.96 5.20 91.169 17.65 
50 % 111.84 8.19 92.67 22.01 
75 % 158.03 32.64 79.34 22.70 
100 % 178 66 62.92 11.59 
TOC 
10 % 389 74 80.97 23.33 
25 % 697 94.02 86.51 15.50 
50 % 1022.03 100.08 90.20 11.14 
75 % 1458 322.01 77.91 24.48 
100 % 1798.22 897.23 50.10 20.92 
Note: Int. conc.: initial concentration and F. conc.: final 
concentration. 
 
4. CONCLUSION 
 
The present study demonstrated that different 
PMWW concentrations affect the efficacy of 
nutrient removal from wastewater using 
phycoremediation with Scenedesmus sp. The highest 
nutrient removal rates were observed in 50% 
PMWW. Therefore, the PMWW concentration must 
not exceed 50% to facilitate phycoremediation 
effectively. Furthermore TN, TOC, and TP removal 
rates in 50% PMWW were 91.51%, 90.20%, and 
92.67%, respectively. To conclude, 
phycoremediation with microalgae represents the 
best biological wastewater treatment process given 
its low cost. 
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